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FIVE FIGURES 

There is a rare condition in which the adrenals lie in part or 
entirely in direct apposition with the kidney parenchyma with 
no intervening capsule. It is the so-called subcapsular location 
of the adrenals. For some reason it has been very generally 
overlooked both by anatomists and pathologists. It is, however, 
of importance not merely as a developmental error but, from the 
pathologist’s standpoint, because of its bearing upon the origin 
of the so-called hypernephromata of the kidney, a question still 
under discussion. No reference to this condition has been found 
in any of the modern text-books of pathology, such as Aschoff, 
Ribbert, Adami and others, nor in any of the works on anatomy 
which I have consulted. Orth in his Pathologische Anatomie 
(’93) says “Only seldom is the location of the adrenals in gross 
changed (from normal). One case is known where the right 
suprarenal was located at  the hilum of the ki&ey above the renal 
artery. ” He makes no reference to its subcapsular location. 
Bromanl in his work on the normal and abnormal development 
of man does not mention the condition. Also in special works 
on the kidneys and adrenals this abnormality is commonly 
overlooked. Thus Kelly and Burnam2 state that in children 
there is a. strong attachment between the kidney and adrenal 
gland which is less marked in the adult. They make no mention 
of a direct union between the two organs. On the other hand, 
Dock3 in describing the abnormalities ,of the adrenals says 

1 Broman. 
2 Kelly and Burnam. 
3 Dock. 

Normale u. abnorme Entwicklung des Menschen, 1911. 
Diseases of the kidneys, ureters and bladder, 1914. 

OsIer’s Modern Medicine, 6, p. 355. 
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“Pilliet found the right adrenal under the fibrous capsule of the 
kidney” but he givcs no references and mentions no other reported 
cases. Borst* describes the condition briefly as follows, “In 
certain cases the suprarenal lies entirely or in part close upon the 
kidney, enclosed in the kidney capsule. (Kelly, Grawitz, Klebs, 
Ulrich.) Frequently the condition is bilateral and the supra- 
renal is intimately attached to th  upper pole of the kidney as a 
thin plate. ” 

From this it is evident that the subcapsular location of the 
adrenal body has been recorded occasionally for years. Graw- 
itz5 in his second paper on the hypernephromata referred to it. 
He says that an entire adrenal may be found in the capsule of the 
kidney or in the kidney cortex, as well as smaller or larger por- 
tions of the adrenal. In his earlier paper of the year before 
(’83) on the same subject he makes no mention of the entire 
organ being thus displaced. SomewhL,, earlier than this (’76) 
Klebs6 described what is probably a case of this subcapsular 
location. This was in a well developed man, 20 years old, who 
died of pneumonia. In place of the adrenals, each kidney was 
covered over by a thin, yellowish, caplike plate which was beneath 
the kidney capsule. Microscopically it shnwed all the elements 
of the adrenal cortex. At the usual site cf the adrenals there 
was no trace of these. This is the earliest reported case which I 
have found, although a more careful search might disclose others 
even earlier. Later Ulrich7 and Kelly8 and others reported 
similar cases. In &n excellent summary of the work on the 
Adrenal Cortex, Its Rests and Tumors (with a good bibliog- 
raphy) by GlynnD the only cases of subcapsular location of the 
adrenal referred to, six in number, are from German authors. 

In order to determine the frequency with which the partial 
or complete subcapsular location of the adrenalk has been ob- 

Borst. Die Lehre v. d. Geschwiilsten, p. 789, 1902. 
Grawitz. Archiv. f .  klin. Chirurgie, 1884, 30, p. 325. 
Klebs. Handbuch d. path. Anatomie, Bd. I, abt. 2, p. 567, 1876. 
Ulrich. Anatomische Untersuchungen uher ganz und panic11 verlagertc 

u. accessorische Nebenniereo etc. Zeigler’s Reitrage z. path. Anatomie, 1895,18, 
p. 589. 

Kelly. 
(I Glynn. 

Zeigler’s Beitrage z. path. Anatomie, etc., 1898, 23, p. 293. 
Quarterly Journal of Medicine, 1912, v, p. 157. 
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served in this country, I communicated some three years ago, 
after studying the case reported below, with ten other patholo- 
gists10 who have had opportunity to study a considerable abun- 
dance of autopsy material. I take this opportunity to again 
thank them for giving me the results of their experience. Seven 
of the ten replied that they had never met with the condition. 
One other could recall clearly only one case of the kind, while 
two, Professor Le Count of the University of Chicago and Dr. 
John H. Larkk of New York, had twice found the adrenal in 
the subcapsular location. The former stated that in both of his 
cases the condition was bilateral. It is quite evident that this 
condition is among the rare abnormalities involving the adrenals 
and kidneys. 

Aside from being of such rarity as to make it of interest, this 
abnormal loca,ion of the adrenal is of indirect importance in 
considering the etiology of the so-called hypernephromata of 
the kidney. As is well known the origin of these tumors from 
adrenal rests in the kidney, which had apparently been fully 
determined by Grawitz and confirmed by others, has more re- 
cently been seriously questioned. This has been based in part 
upon the histological differences between the tumors of the 
kidney and the adenomata found in the adrenal itself, in part 
upon what may be termed the functional or metabolic differences 
between these renal tumors and the adenomata of the adrenals, 
and lastly upon studies of the embryological development of the 
adrenals and kidneys. 

From a histological study of the development of so-called 
hypernephrom&a of the 'kidney, Sudeckll as early as 1893 held 
that there was no connection between these tumors and adrenal 
rests, but that the former were derived from the tubular epithe- 
lium itself. Stoerk12 after the study of a large number of tumors 
of this type reached a similar conclusion, namely, that they are of 

lo Drs. TV. T. Councilman and F. B. Mallory, of Boston; Drs. T. M. Prudden, 
James Ewing and J. H. Larkin, of New York; Drs. Ludwig Hektocn and E. R. Le 
Count, of Chicago; Drs. W. M. L. Coplin and Joseph RlcFarland, of Philatlelphia, 
and Dr. Horst Oertel of Montreal. 

11 Sudeck. 
l2 Stoerk. 

Virchow's Archiv, 1893, 133, p. 407. 
Beit. z. path. Anat. u. z. allg. I'athologie, 1908, 42, 393. 
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renal origin. This was based in part upon the location of these 
tumors, aways in the kidney, never in the adrenal itself nor in 
the liver, where so-called adrenal rests are so common; in part 
upon the histological study of the tumors; and, in part, upon the 
age a t  which they most commonly appear, chiefly after middle 
life, unlike tumors from cell rests which have a tendency to 
appear in early life. 

A further careful study of the subject was made by Wilson and 
Willisls based not only upon the histological examination of 48 
tumors of this type but also upon the embryological development 
of the suprarenal and kidney as shown in serial sections from 26 
swine embryos and from 43 human embryos. Their conclusions 
from this study, namely, that the so-called hypernephromata are 
not of adrenal origin, are evidently based quite largely upon the 
complete separation at all periods of development between the 
adrenal and kidney. They say 

The kidney and the adrenal come into final apposition only by the 
gradual atrophy of the Wolffian body, and between the two organs 
there is always interposed the mass of fibrous tissue which represents 
the stroma of the atrophic Wolffian body. Lorig before t,he two organs 
come into any close anatomic relationship with each other, each has 
formed a distinct and well marked capsule, which is greatly augmented 
between the surfaces of the two organs which are directed towards 
each other, by this dcnse mass of Wolffian-derived fibrous tissue In- 
deed it is difficult t o  conceive how any portion of the adrenal cortex 
can, during the process of embryological development, become im- 
bedded within the kindey parenchyma without showing between its 
structure and that of the renal cortex, three distinct laminae of fibrous 
tissue,-the first derived from its own cortex, the second from the 
remains of the Wolffian body, and the third from the kidney capsule. 

,4nd further, 

From what has been stated above, suprarenal inclusions within the 
kidney parenchyma must be exceedingly rare, if ever present. The only 
instances of conjugation of suprarenal and kidney tissue which I have 
ever seen were masses of suprarenal tissue which wcrc attached to  the 
kidney, projecting above its surface, and invariably separated from the 
kidney parenchyma by a thick capsule, which not only stripped readily 
from the kidney, but was also separable into a number of laminae. 

13 Wilson and Willis. Journal of Medical llesmrch, 1911, 24, p. 73.  
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This necessary separation of the suprarenal gland from the 
kidney by a thick capsule of connective tissue appears to be one 
of the main reasons derived from their embryological study for 
concluding that the islands from which these tumors appear to 
arise may not be adrenal in origin. It is only upon this one 
phase of the subject, namely, the possible intermingling of supra- 
renal and kidney tissue without any separation by a definite 
capsule, that this abnormal union between suprarenal body and 
kidney, the subcapsular location of the adrenals, has a bearing. 

In  this condition the adrenal lies in part or entirely in direct 
apposition, on its under surface, with the kidney tissue, with 
in part a t  least, no more intervening connective tissue than there 
is between the kidney tubules of the normal kidney cortex. 

The case of this kind which I had an opportunity to study was 
one in which each adrenal was directly in apposition with kidney 
parenchyma, extending down for a short distance into this. This 
direct apposition of adrenal and kidney did not involve the whole 
but only a part of each adrenal on its under surface. This con- 
dition as here described was found a t  autopsy in a coroner’s 
case. Nothing was knom-n of the previous history except that 
the person has been an alcoholic. The general autopsy findings 
were unimportant. The body was that of a small woman, 5 
feet tall. She was about 30 years old. Aside from certain super- 
ficial bruises, the gross pathological findings were broncho- 
pneumonia, obliteration of the pleural cavities by old adhesions, 
chronic gastritis, suprarenals on each side adherent to the kidney, 
and a slight degree of chronic interstitial nephritis. No other 
developmental errors besides those of the adrenals and kidneys 
were found. No careful search was made for adrenal rests in 
other structures than the kidneys but a superficial examination 
did not show any. The microscopic examination of the various 
tissues, aside from the suprarenal bodies and kidneys, requires 
no discussion as it merely confirmed the gross appearances. 

On each side, the adrenal was found unusually adherent to the 
kidney. This was more marked on the right side than on the 
left. The right adrenal extended from the upper end of the 
kidney down over its anterior surface for about 4 em. This 
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Big. 1 Right kidney and adrenal, showing direct union bctwcen the t,wo 

Fig. 2 Shows lack of capsule between adrenal ant1 kidney, wit,h, in places, 
with extension of the adrenal down into kidney parenchyma. 

upward extension of small portions of Iiitlney tissue into ndrcnal. 
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suprarenal was 43 em. vertically by 5 em. wide a t  its widest part. 
The upper third of the adrenal was separated from the kidney 
by areolar tissue. Below this i t  was firmly adherent to the kid- 
ney except for a few millimeters along its inner edge. A4 vertical 
section through the adrenal and kidney in this area not only 
showed in gross no connective tissue capsule separating the two, 
but in places the adrenal tissue extended down into the cortex 
of the kidney for a greater or less distance, the deepest exten- 
sion being about 1 em. (fig. 1). This adrenal a t  its upper 
part, where free from the kidney, was of the usual thickness and 
appearance. Below this it extended as a thin plate over the 
upper front part of the kidney. I ts  thickness here in general 
was only 1 to 13 mm. The darker color of the medullary portion 
in contrast to the cortex could be readily made out, though less 
marked than at the thicker portion at the upper part of the gland. 

The left adrenal was also adherent to the kidney though to a 
much less extent than was the right one. It was not much larger 
than usual and was free from the kidney except for an area about 
2$ em. by 13 em. a t  its widest part, where i t  appeared as a thin 
plate, adherent to the front part of the upper pole of the kidney, 
and extending a very short distance into the kidney substance in 
places. No capsule separating adrenal and kidney could be 
made out here. 

Microscopic examination of sections of the adrenals where 
they were free from the kidney show nothing unusual. But where 
they lay as a thin plate attached to the kidney,several depart- 
ures from normal are seen (figs. 2 to 5). Both cortical and 
medullary portrions are present. The part of the' adrenals which 
in gross showed no evidence of a connective tissue capsule be- 
tween it and the kidney are seen in general to lie directly against 
the kidney cortex with no connective tissue intervening. This 
is not so in all places, as here and there a distinct band of con- 
nective tissue can be made out separating the two. This is also 
true of the extensions of the adrenal down into the cortex of the 
kidney. The adrenal and kidney parenchyma are, as a rule, in 
direct apposition but in places there is a distinct microscopic 
band of conncctive tissue between them. It is noticeable that 
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in those portions where adrenal and kidney are in direct apposi- 
tion with no connective tissue separating them, the glornerular 
layer of the adrenal is lacking. On the other hand, where there 
is a distinct layer of connective tissue separating them, this 
glomerular layer is generally well made out. The medullary 
portion is also present in the epinephritic adrenal plates, and in 

Fig. 3 Adrenal (above) and kidney (below) in direct apposition. 

the largest downward extension of the right adrenal into the 
kidney cortex the medullary portion also extends down a short 
distance. In  general, the line of union of the adrenal plate and 
the underlying kidney is readily made out and is fairly smooth. In  
places there are extensions of kidney tubules up into the adrenal. 
That these are kidney tubules can be made out here and there by 
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finding direct extension of these from the kidney cortex into the 
adrenal. Similar structures found in the adrenal as far up as the 
medullary portion are probably from the same source. They 
consist of somewhat dilated glandular structures lined with a 
layer of cuboidal epithelium and often containing a hyaline sub- 

Fig. 4 Area showing thin layer of connective tissue between kidney and 
adrenal. The glomerular layer of the adrenal is here seen, but is lackinginfigure3. 

stance, staining red by the hematoxylin-eosin method. Where 
portions of the adrenal extend downward into the kidney, the 
line of separation is in places very irregular with intermingling 
of kidney structures and adrenal tissue (fig. 5). 

In studying the effect of the direct apposition of suprarenal 
cells upon the kidney cells, none could be made out. The cells 
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of kidney tubules lying directly against adrenal cells, with no 
more intervening connective tissue than is found between the 
tubules of the kidney cortex, appear as normal as elsewhere. They 
are not compressed by the adrenal tissue. Occasionally a t  the 
line of union a tubule may be filled with pale staining cells and 

Fig. 5 Intermingling of adrenal and kidney parenchyma. 

some doubt is felt as to whether one is here dealing with adrenal 
or kidney cells. This is, however, the exception. 

That this unusual union of kidneys and adrenals is to  be ex- 
plained as a developmental error, and not in any sense as a begin- 
ning tumor growth or the result of an inflammatory process, 
appears to be self-evident. Where the adrenal lies as a thin 
plate upon the kidney, the thickness from medullary portion to 
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kidney is no greater than from the medullary portion to the upper 
border of cortex. And where there is a downward extension of 
adrenal into the kidney cortex there is no compression capsule of 
connective tissue to indicate a disappearance of kidney cells. 
This subcapsular location of the adrenal has in most of the 
reported cases, as in this one, been bilateral. 

Although the condition is very rare, its occurrence at  times is 
not in keeping with the conclusions of Wilson and Willis that the 
adrenal and kidney are necessarily at  all times separated by dis- 
tinct layers of connective tissue. It gives definite evidence of 
the possibility of portions of the adrenals becoming imbedded in 
the kidney parenchyma as claimed by Grawitz as the basis of 
his theory of the origin of the hypernephromata. 




